Although widely used, the detection of DNA mutations by the single-strand conformation polymorphism (SSCP) method is often hampered by the need to examine a large set of electrophoretic conditions in order to select the one suited to the DNA sequence under study. We show here that the use of transverse chemical gradient gels allows for a quick and easy optimisation of SSCP analysis, as exemplified on two mutations in exon 2 of the α-1-antitrypsin gene.
Since its original description in 1989 (1), the single-strand conformation polymorphism (SSCP) analysis quickly became a widely used technique for the study of DNA mutations. Indeed, its simplicity and the use of cold, non-isotopic detection methods commonly based on silver staining greatly facilitated its implementation. Although several variations in the method have been described, many studies still use different conditions in order to find out the best one for a given mutation; the general scheme concerns polyacrylamide concentration, addition of glycerol coupled to at least two different temperatures during the electrophoretic separation, as exemplified in several reports (2) (3) (4) (5) .
The sequence-dependent conformation of single-stranded (ss) DNA is related to environmental physico-chemical conditions and is thought to result from the reassociation of short complementary intra-strand sequences in non-denaturing conditions (6) . Indeed, specially designed apparatuses generating transverse temperature gradients (7, 8) allowed one to visualise ssDNA conformation variations, and to select an optimum temperature for mutation detection by SSCP. On the basis of these results, we reasoned that working upon intra-strand base-pairing through modifications of other environmental conditions could give interesting results. In order to optimise the study, transverse concentration gradients of various chemical reagents were used. Among several factors tested, buffer and glycerol gradients proved slightly efficient (data not shown), and the chemical agent giving the best results was formamide, a well-known base-pairing denaturing product.
The inclusion in the polyacrylamide gel of a linear formamide gradient, perpendicularly to the electrophoretic migration, allowed the study of continuous variations of ssDNA conformation.
As a test system, two mutations found in exon 2 of the α-1-antitrypsin gene (9) were studied: the PI I [R39C; CGC→TGC] (10) and the PI M2 [R101H; CGT→CAT] (11). The primers (A1/A2) and PCR conditions used were those already described (10) . In order to obtain workable fragments, the PCR products (750 bp) were digested by XhoII (Boehringer) according to the manufacturer's instructions which led to obtention of three DNA fragments of 129 bp, 269 bp (PI I mutation) and 352 bp (PI M2 mutation). After concentration by ethanol precipitation and resuspension in TE buffer (10 mM Tris, 1 mM EDTA, pH 8), the samples were diluted (1:7, v/v) in denaturing solution (98% deionised formamide, 0.05% bromophenol blue, 0.05% xylene cyanol) and heated at 95_C for 6 min followed by quick chilling on ice.
The study was conducted on the PhastSystem (Pharmacia Biotech) which allows accurate control of the electrophoretic conditions and particularly of the temperature. Gels were cast as 2 or 5 U on GelBond PAG (FMC BioProducts) in dimensions corresponding to those of commercial media, i.e. final size 43 × 50 × 0.05 mm. They were made up of 12% (w/v) polyacrylamide or 0.85× HydrolinkR MDE (J.T.Baker) in 0.275 M Tris-acetate buffer pH 6.4, 0.04% (w/v) ammonium persulphate and 0.06% (v/v) tetramethyl-ethylene-diamine (TEMED) with a linear gradient of deionised formamide (0-42.5%, v/v). Polymerisation was obtained by heating to 60_C for 20 min. Gels were also made with a constant concentration of denaturing agent. Electrode strips were prepared with 2% (w/v) agarose IEF (Pharmacia Biotech) in 0.25 M Tris, 0.88 M alanine, pH 8.8 buffer.
The electrophoretic separation was performed at 4_C with the following conditions: pre-migration 250 V, 15 mA, 3.5 W, 70 Vh; sample application 50 V, 1 mA, 3.5 W, 2 Vh; migration 400 V, 10 mA, 3.5 W, 350 Vh. The denatured DNA samples were applied to the gel as 3 µl (gradient gels) or 1 µl amounts (constant concentration) with respectively the titration curve or 8/1 µl applicators (Pharmacia Biotech). The gels were stained with Figure 1 . SSCP of DNA as observed after polyacrylamide gel electrophoresis perpendicularly to a 0-42.5% formamide gradient. α-1-antitrypsin exon 2 of a PI IM2 subject was studied after amplification by PCR and digestion by XhoII. Cathode at top. The arrowhead corresponds to the formamide concentration used in Figure 2. silver nitrate in the PhastSystem Development Unit according to the procedure of Budowle et al. (12) , adapted to the apparatus.
The ssDNA banding pattern of subjects with different phenotypes was compared by electrophoresis on transverse 0-42.5% formamide gradients. As depicted in Figure 1 for a double heterozygote, i.e. a subject with a PI IM2 phenotype, the DNA strands showed distinct melting profiles. At a concentration of formamide under 12%, bands specific for each mutation could be seen by comparison with the corresponding homozygous wild-types (data not shown) thus allowing to select a concentration suited to their demonstration. In the example given, an 8.8% concentration further allowed the simultaneous detection of both mutations as shown in Figure 2 , with bands respectively corresponding to the PI*M2 allele (top) and the Pi*I allele (bottom).
To check for a possible interaction between formamide and acrylamide during the polymerisation process, transverse polyacrylamide gradients were tested: ssDNA only showed linear variations in the electrophoretic migration (data not shown) and displayed neither the sigmoidal melting curve profile nor the double-banded pattern of mutant conformers observed with formamide gradients. On the other hand, buffer gradients showed that a highly concentrated buffer was desirable in order to visualise metastable conformations.
This method was successfully applied to other mutations on the same or other genes (data not shown). Although herein performed on the PhastSystem, it may easily be conducted on other electrophoretic devices, such as the popular 10 × 10 cm format, provided that a thermal regulation is used. The whole procedure is quick, easy-to-use, and further avoids the use of isotopic or hazardous chemical compounds, or that of specialised apparatus.
